INTRODUCTION
Descriptive studies of bacteria isolated from the surface of marine benthic macroalgae were reported as early as 1875 (Warming, 1875) and bacteria from coastal seawater were reported in 1838 (Ehrenberg, 1838) . However, few studies have investigated the taxonomic diversity of the cultivable bacteria on the surface of marine benthic macroalgae [see ZoBell (1946) for other earlier references]. Isolates from the Cy t ophaga-Fla vo bac ter ium-Bac tero ides (C F B) group and the Proteobacteria branch are common members of the bacterial community in coastal sea regions and especially on the surface of marine benthic macroalgae (Chan & McManus, 1969; Shiba & Taga, 1980; Bolinches et al., 1988; Duan et al., 1995; Pinhassi et al., 1997) . The ability to degrade different biomacromolecules probably favours species of the CFB group, since cell wall compounds and release of exudates from macroalgae can act as a nutrient source and therefore 00917 0 1999 IUMS The description of the order Cytophagales has had a turbulent history since the proposal of the genus by Winogradsky (1929) as covering all aerobic, cellulolytic and gliding bacteria. Polyphasic studies including phenotypic characterization, fatty acid composition, protein patterns and, not least, phylogenetic characterization have demonstrated a huge degree of biological diversity (Christensen, 1977; Bauwens & De Ley, 1981; Nakagawa & Yamasato, 1993) . In recent years, the understanding and acceptance of the diversity of the CFB group have lead to several reclassifications and descriptions of new genera. This was promoted by the emended description of the genus to include Cytophaga hutchinsonii and Cytophaga aurantiaca as the only valid species. The nomenclature of Cytophaga agarovorans and Cytophaga salmonicolor was emended to Marinilabilia agarovorans and Marinilabilia salmonicolor, respectively. The remaining species that were previously designated Cytophaga were hereafter invalid (Nakagawa & Yamasato, 1996) . Marine, gliding bacteria from the Antarctic were assigned to three genera covering the species Psychroserpens burtonensis, Gelidibacter algens and Psychroflexus torquis [the latter also including emendation of [Flavobacterium] gondwanense to PsychroJexus gondwanense (Bowman et al., 1997 (Bowman et al., , 1998 l. Polaribacter is another genus comprising species isolated from marine environments in the Arctic and Antarctic. The description of this genus included two species, Polaribacter irgensii and Polaribacter franzmannii, as well as emendation of [Flectobacillus] glomeratus into Polaribacter glomeratus (Gosink et al., 1998) .
In the present study, eleven isolates with phenotypic characteristics of ' Cytophaga-like bacteria' (e.g. gliding motility, flame-like edged colony, yellow/orange pigmentation, agarolytic activity and cell shape) were selected for taxonomic characterization. The isolates were selected from a collection of more than 500 bacterial strains isolated from Danish coastal waters and physiologically characterized (Johansen, 1996) . We propose two new species of the CFB group associated with the brown alga Fucus serratus L. The two new species are classified into a new genus (Cellulophaga gen. nov.) as Cellulophaga baltica sp. nov. ( "01 5840T) and Cellulophaga fucicola sp. nov. (NNO 1 5860T). Moreover, we propose reclassification of [Cytophaga] lytica to Cellulophaga lytica comb. nov.
METHODS
Sample collection, isolation and bacterial strains. The collection sites of sampling were three Danish localities : Hirsholm 57"29', 1 N, 10"37',3 E, Ellekilde Hage 56"02',6 N, 12"37',0 E and Svaneke 55"08',2 N, 15"08',9 E. The three localities have a mean salinity of approximately 28, 20 and 8 %, , respectively (Sparre, 1984) . At the three localities, the brown alga Fucus serratus L. was collected in the upper part of the sublittoral zone (1 m depth) and seawater samples were collected in the deeper part of the sublittoral zone (3-5 m depth).
The algae pieces were homogenized (for a maximum of 30 s) with an Ultra-Turrax in sterile deionized water containing 28-0,20.0 or 8.5%, sea salts (Sigma) (locality dependent). The homogenates and the seawater samples were diluted, plated in triplicate directly onto CYT agar (1.0 g casein, 0.5 g yeast extract, 0.5 g CaCl,. H,O, 0.5 g MgSO,. H,O, 15-0 g agar, 1000 ml deionized water, pH 7.3) with the addition of either 8.5,20.0 or 28.0 g sea salts 1-l. The agar plates were incubated at 12 "C for 25 d in darkness. Single colonies were subcultured several times to ensure purity of the culture. The strains were preserved at -80 "C in a suspension in tryptic soy broth (TSB) containing 20%, sea salts and 10 YO glycerol.
Investigated strains and type strains included in this study are listed in Table 1 .
Biochemical and physiological characterization. For general maintenance of the bacteria, tryptic soy agar (TSA) with 20 %, sea salts [15-0 g tryptone (Difco), 5.0 g soytone (Difco) 20-0 g sea salts (Difco), 15.0 g agar, 1000 ml deionized water, pH7-3 (adjusted with HCl/NaOH)] or TSB (as TSA but without agar) were used.
For utilization of carrageenan (2 YO, w/v), alginic acid (2 YO, w/v) and starch (1 %, w/v), mineral medium according to van der Meulen (1974) was used. For hydrolysis studies, agar (1 YO, w/v; Difco), casein (0-5 YO, w/v; Sigma), cellulose (0.5 %, w/v, AZCL-HE-cellulose ; MegaZyme), elastin (0.1 %, w/v; Sigma), fibrinogen (0.1 YO, w/v; Sigma), gelatin (0.6%, w/v; Difco) or haemoglobin (0.1 O h , w/v; Sigma) was added to TSA with 20%, sea salts. Degradation of dead yeast cells was tested on VY/2 substrate containing 20%, sea salts (Reichenbach, 1989) . For determination of the Gramreaction, the non-staining method (3 YO KOH; Buck, 1982) was used. Catalase and oxidase production was also investigated. The ability to grow under anaerobic conditions was tested with the Oxoid Anaerobic system. Temperature, salinity and pH profiles. To test growth at different temperatures, the isolates were incubated on TSA substrate at 2. 5, 5, 12, 18, 26, 30, 32, 35, 37 and 40 "C. To test salt tolerance, TSA substrate containing 0,2. 5, 10, 15, 20, 25, 30, 40, 50 and 60%, sea salts (Sigma) or NaCl was used. Growth at different pH (4,5,6,7,8 and 9) was performed on TSA substrate. BIOLOG characterization. All isolates were physiologically characterized by the BIOLOG G N Microplate method. Strains were grown for 24 h at 20 "C on TSA containing 20%, sea salts. Inocula were prepared in saline water. The optical densities of inocula were determined by a BIOLOG spectrophotometer at 590 nm and were diluted to an OD,,, of around 0.26 in 0-9 YO NaCl. Each well in the BIOLOG GN Microplate was inoculated with 150 1. 11 cell suspension and the microplates were incubated at 20 "C for 72 h. The microplates were read in a BIOLOG MICROSTATION plate reader at 690 nm. ? Collected on 7 September 1994 at Ellekilde Hage. The seawater temperature was 16.4 "C and salinity was 18%,.
$ Collected on 2 August 1994 at Hullehavn. The seawater temperature was 19.4 "C and salinity was 8%,.
Characterization by amplification with primers specific for repetitive extragenic palindromic elements by PCR (REP-PCR). The method used was according to Johnsen et al. (1996) .
DNA isolation. All isolates were grown at 20 "C overnight in TSB + 207&, sea salts and 7 ml of each culture was harvested by centrifugation at 6000g. The cells were resuspended in 100 pl TE buffer (10 mM Tris/HCl, 1 mM EDTA, 10 mM NaC1, pH 8) plus 50 mg lysozyme ml-I (Sigma) and incubated for 30 min at 37 "C. Thiocyanate (500 pl) was added and the mixture was incubated at room temperature for 10 min, then for 10 min on ice, followed by the addition of 250 pl cold 3 M sodium acetate and incubation on ice for 10 min. The mixture was extracted with 500 pl chloroform/ isoamyl alcohol/pentanol (1 : 24 : 25, by vol.), twice with chloroform/isoamyl-alcohol(24 : 1, v/v), and the DNA was precipitated with 0.54 vol. cold 2-propanol. The DNA was spooled on an inoculation loop and washed in 70 YO ethanol for 10 min. The spooled DNA was resuspended in 100 pl TE buffer. Each DNA sample was purified by the addition of 1-25 ml 96% ethanol and 50 p1 3 M sodium acetate and incubated for 30 min at -20 "C. The DNA was recovered by centrifugation at 20000 g for 10 rnin at 5 "C. The supernatant was discarded, the DNA pellet was washed by addition of 500 pl 70% ethanol. After centrifugation at 20000 g for 10 min at 5 "C, the supernatant was discarded and the DNA was resuspended in 100 p1 TE buffer. The quality and purity of each DNA preparation were measured by the absorbance ratio (Az60/Az80) with a Beckman DU 650 spectrophotometer.
DNA base composition. Determinations of the G + C content (mol %) were made by reverse phase HPLC as described by Mesbah et al. (1989) . The values are means of triple determinations.
DNA-DNA
hybridization. Slot blotting and DNA hybridization were performed using a modification of the method described previously (Nielsen et al., 1995) . The radiolabelled probes were made using the Random Primed DNA Labelling kit (Boehringer Mannheim) and Hybond N membrane (0.45 pm; Amersham Life Science) was used in the hybridization.
165 rDNA sequencing and data analysis. PCR amplification of the 16s rRNA genes was performed as described by Rainey et al. (1992) . PCR products were purified using a PCR purification kit (Qiagen) and used as templates for sequencing with the Taq DyeDeoxy Terminator Cycle Sequencing kit (Perkin Elmer). Sequencing was performed on a 373 prism DNA sequencer (ABI). Sequences were aligned against a ribosomal database by using the aligning tool of the ARB program package (Strunk & Ludwig, 1995) and final adjustments of the alignment were made manually. Corrected pairwise evolutionary distances were computed using the corrections of Jukes & Cantor (1969) , modified by J. Felsenstein to allow for unequal base frequencies as described by Kishino & Hasegawa (1989) . The phylogenetic tree was constructed by using neighbour-joining (Saitou & Nei, 1987) . Bootstrap values were calculated for 1000 phylogenetic trees (Felsenstein, 1985) . The phylogenetic analysis was made using facilities collected in the ARB program package (Strunk & Ludwig, 1995) .
RESULTS

Morphological and physiological characteristics
During isolation and cultivation, all strains showed gliding motility and were Gram-negative, flexirubinnegative, non-spore-forming, non-motile rods. In TSB + 20%, sea salts after 20 h at 26 "C, single cells of NN015840T measured 2.2-4.5 pm in length and 0.6-0.8 pm in diameter ( Fig. la) and those of NN015860T were 2.5-4.7 pm in length and 0-7-0-8 pm in diameter (Fig. lb) .
Growth of all strains occurred between 2 and 30 "C. With optimal growth around 26-30°C. No growth was observed at or beyond 35°C. Growth was inhibited at 32 "C and no growth was detected after 24 h incubation. However, when the plates were taken from 32 to 26 OC, growth appeared within 24 h. The colony morphology of the two new species varied significantly depending on the temperature and substrate.
The colony colours of the "015840 group and NNO 1 5860T were yellow and orange, respectively, at all temperatures (2-30 "C). At 18 and 26 "C, the colonies of both strains had a pronounced metallic tinge. At temperatures of 2-12 "C and at 30 "C, the colony morphology of the "015840 group and NNO 1 5860T was round, smooth, weakly convex with a regular edge, whereas at temperatures of 18-26 "C, the colony morphology of the two new species changed significantly depending on the substrate. All observations were made at 20 "C after 4 d incubation. Colonies of the NNO 15840 group were about 7 mm in diameter, yellow, slightly convex, sunken into the agar, had a flame-like edge and showed gliding motility on TSA substrate, whereas on CYT, the colonies were 0.5-1.0 mm in diameter, pale yellow, flat and showed a narrow zone of gliding motility. Colonies of NN015860T were about 5 mm in diameter, yellow, slightly convex and demonstrated gliding motility on TSA substrate, whereas on CYT, the colonies were 0.5 mm in diameter, very pale yellow (nearly white), flat and showed a narrow zone of gliding motility.
All strains grew on TSA supplemented with 10-50%, sea salts. Weak growth was observed at 2.5 x0, whereas no growth was observed without sea salts and at 60%, sea salts. Addition of NaCl (2-5-60%,) to the TSA substrate generally only supported weak or no growth of the strains. All strains grew well on TSA at pH 7 and 
Utilization of:
1 8, whereas no growth was observed after 4 d at pH 4, 5, 6 or 9. However, after 10 d incubation, very weak growth was found at pH 9. All strains created craters in the TSA substrate, which was scored as positive for agar degradation. No positive flexirubin reactions were observed. All strains were catalase-positive and oxidase-negative. Results of the utilization of carbon sources are presented in Table 2 . Results of the biochemical and physiological tests are listed in Table  3 with data from other species of the CFB group.
REP-PCR genomic fingerprints
The diversity of the macroalgae-associated Cytophaga- species of this group. In contrast, "01 5860T showed lflka; 2, FhWObaCteriUm jOhnSOfIk?; 3, Flawobacterium a unique banding pattern distinguishing it from the 6, "014845; 7, "014847; 8, "014850; 9, "014871; 10, other isolates and the type strains tested in this study (Fig. 2) . DNA composition commised 1474 nt from strain NN015840T and 147i nt from strain "01 5860T, which includes about 98 % of the full 16s rDNA sequence. The sequences were manually aligned and were most homologous to
The G + C 'Ontents Of strains NN015840T and "01 5860T were 33.0 and 32-4 mol %, respectively.
Phylogenetic characterization
sequences from organisms of the CFB group. The phylogenetic tree in Fig. 3 shows the position of strains The majority of the 16s rDNA sequences were NN015840T and NN015860T among other related recovered by PCR amplification of rDNA. Full organisms using Cytophugu hutchinsonii as an outsequences of the PCR products were obtained. These group. The tree demonstrates that the two new brown- For determination of DNA homology, radiolabelled DNA probes of strains NNOl 5840T and "01 5860T were prepared. Results of hybridization against DNA of all isolates plus reference strains are listed in Table  4 . With strain NN015840T, DNA homologies of 71-106% were obtained against all strains of the NNO 15840 group. Moreover, the DNA homologies between NNO 1 5840T, the type strains of related species and NN015860T were all below 12 YO. This shows that NNO 1 5840T represents a new species. The DNA homologies between NNOl 5860T and the other strains were no higher than 18 %, indicating that NN015860T also represents a new species.
DISCUSSION
Fingerprinting of bacteria by REP-PCR was first described by Versalovic et al. (1991) as a method for the discrimination of Gram-negative enterobacteria. Later, the method was used to determine the clonal origin of Gram-negative enterobacteria (Versalovic et al., 1994) and to discriminate between closely related environmental isolates of Pseudomonas (Johnsen et al., 1996) . In this study, the technique was successfully used for rapid primary genotypic differentiation of yellow/orange coloured and gliding bacteria from the CFB group. The "015840 group and strain "01 5860T both showed a unique banding pattern, as did all the included type strains. The homogeneity of the "01 5840 group was confirmed by hybridization of total chromosomal DNA. Using the suggested DNA-DNA hybridization values of 70% or higher for species identity (Stackebrandt & Goebel, 1994) , the isolates all belong to the same bacterial species. This shows that the REP-PCR technique is a good method for fast and easy sorting in groups of related isolates in a primary screening for a collection comprising Cy tophaga-li ke organisms . Members of the CFB group are known to play a key role in the biodegradation of organic matter (e.g. from macroalgae) in seawaters (Paerl & Pinckney, 1996 ; Rheinheimer, 1992 ; Fuhrman, 1992) . These bacteria participate in the food chain by transferring carbon in the form of components of macroalgae-like exudates and parts of cell walls to higher trophic levels in the microbial food chain (Fenchel & Jmgensen, 1977) . The two new species of the CFB group could metabolize agar, alginic acid, carrageenan, cellulose and L-fucose. Moreover, strain NNO 1 5840T and most members of the "015840 group could utilize Dgalactose, a-D-glucose and D-mannose. These compounds are all important components of marine benthic macroalgae (Lobban & Harrison, 1994; Hellebust, 1974) . In brown algae, a-D-glucose is a basic component of the storage product laminaran (Percival, 1968) and cell walls contain alginic acid and fucan (a polymer of L-fucose with varying proportions of Dgalactose, D-mannose and D-glucuronic acid) (Percival, 1979) . The macroalgae surface-associated bacteria isolated in this study are thus able to decompose highly polymeric material from the living brown alga I;. serratus. For this reason, we suggest that the strains are involved in an active decomposition of the alga, where the bacteria use the macroalga not only as a substratum but also as a substrate. Whether the hydrolytic activities of the bacteria indicate a parasitism or whether they are part of a symbiotic relationship remains to be investigated. The use of phylogenetic techniques has recently led to a partial reclassification of the disordered complex of species described as Cytophaga and Flavobacterium. Many strains previously designated Cytophaga were reclassified in Flavobacterium (Bernardet et al., 1996) . Later the same year, the genus Cytophaga was emended to comprise the species Cytophaga hutchinsonii and Cytophaga aurantiaca only (Nakagawa & Yamasato, 1996) . The results of REP-PCR divided the macroalgaassociated bacteria included in this study into two groups (the "015840 group and NN015860T). DNA-DNA hybridization showed that isolates of the "015840 group had a homology above 70%. For this reason, these isolates should be considered as members of the same species. Strains NNO 1 5840T and NNO 1 5860T did not show significant DNA homology to any phylogenetically closely related species. Thus, these strains represent two new species of the CFB group. 16s rDNA analysis clearly indicates a relationship at the genus level between strains NN015840T, NN015860T and [Cytophaga] lytica. However, the correct phylogenetic position of the next relative, [ Cytophaga] uliginosa, is more unclear because of the relatively low bootstrap value. These four taxa share many phenotypic traits. However, [Cytophaga] uliginosa differs in colony colour and shows a difference in the flexirubin reaction. Moreover, the G + C composition of the closely related taxa comprising NN015840T, NN015860T and [Cytophaga] lytica are in the range 32-33 mol%, whereas that for [Cytophaga] uliginosa is 42 mol YO. This leads us to the conclusion that the NN015840T, NN015860T and [Cytophaga] lytica taxa should be assigned to the same genus for which we propose the name Cellulophaga gen. nov. A description of the new genus is given below. Some traits useful for discriminating species of the new genus from the closest relatives are listed in Lewin (1969) and additional data by Reichenbach (1989) . Type strain is ATCC 23178T, isolated from marine beach m u d , Limon, Costa Rica.
